The electromagnetic excitation of the two-phonon isovector giant dipole resonance in relativistic projectiles incident on heavy targets can be proceed via several intermediate 1 − one-phonon giant resonance states. In two step electric dipole transitions the population of 0 + , 1 + , and 2 + two-phonon states are possible. We calculate the amplitude distribution of 1 − excitations with an RPA formalism, and use it to calculate the electromagnetic excitation of two-phonon states in second order perturbation theory and coupled-channels.
The electromagnetic excitation of two-phonon states of giant dipole resonances in heavyion collisions at relativistic energies has been studied in several experiments [1] [2] [3] [4] [5] . In LAND measurements [1, 2, 5] these cross sections were extracted from total cross sections by separating a contribution coming from excitation of single dipole and quadrupole resonances.
The observed cross sections are large, on the order of several hundred of millibarn. However, the first experimental results for the double giant dipole resonance (DGDR) excitation were found to be enhanced by factors of 2-3 for 136 Xe [1] and 197 Au [2] as compared to any theoretical calculations available. Although for the later measurements in 208 Pb [5] the experiment-theory correspondence is much better, theoretical calculations still underpredict the DGDR cross section by about 30 %. Another part of the problem with double resonances is related to the experimental position and width of these new resonances and how they correspond to a harmonic picture of nuclear excitation. For more details of experimental studies of this problem we refer to reviews [6] .
There are only a few theoretical papers written on this subject. In the first group the GDR is treated phenomenologically as a single state and the DGDR is either a sum of these two GDR [7] or a sum of two "GDR" phenomenologically mixed with "GDR N " states [8] .
These papers deal mainly with the problem related to the excitation cross section of the DGDR. The position and width of the DGDR is a subject for the second group [9] [10] [11] [12] [13] where the GDR is considered microscopically. In ref.
[10] a fine structure of the GDR was calculated by coupling of RPA 1 − states to two-phonon configurations and the DGDR was treated as two independent excitations of the single GDR. In other papers eigen wavefunctions of the DGDR were used and two-phonon DGDR states were coupled either (a) between themselves in ref. [9] , or (b) to 1p1h and 2p2h configurations within second RPA approach in ref. [11] , or (c) to three phonon configurations in ref. [12] , or (d) to all of them in ref. [13] . Somewhat aside from these two groups is the paper [14] where general properties of the DGDR are treated by means of a sum rule approach.
In the present paper we investigate the contribution of non-natural parity 1 + two-phonon states to the total electromagnetic excitation cross sections. The [1 
for two-phonon states made of two identical phonons while for other DGDR states it is:
In the present calculation we do not include the interaction between DGDR states, of eqs.
(0.1-0.2), and we do not couple them to states with different than two number of phonons as was done in ref. [13] . Thus, our two-phonon states |[1 
It should be noted that although for the two-phonon states, eq. (0.1), we have an extra factor √ 2, the states of eq. (0.2) play a more important role in two-step excitations since they can be reached by two different possibilities: g.s. → 1
. Making use of these nuclear structure ingredients we have performed calculations of DGDR excitation in relativistic heavy ion collisions in second-order perturbation theory and with a coupled-channels procedure.
The first effect we observed was that in second-order perturbation theory the amplitude for this process was identically zero in a semi-classical approach [17] . This can be under- to see that, for any route to a final M, the second-order amplitude will be proportional
The two amplitudes carry opposite signs from the value of the Clebsh-Gordan coefficients. The identically zero result for the excitation amplitude of the 1 + DGDR state is therefore a consequence of
We have also performed a coupled-channels calculation following the theory described in ref. [18] . As shown in ref. [18] , the coupling of the electric quadrupole (isovector and isoscalar) and the electric dipole states is very weak and can be neglected. We therefore include in our space only one-phonon 1 − and two-phonon [1
states. We obtain the occupation amplitudes by solving the coupled-channels equations
The time dependent electric dipole field is that of a straight-line moving particle with charge Ze, and impact parameter b (we use eqs. (25-26) of ref. [18] ).
Due to the large number of degenerate magnetic substates, to make our coupled-channels calculation feasible, we have chosen a limited set of GDR and DGDR states. We have taken six 1 − states which have the largest value of the reduced matrix element < 1 − i ||E1||g.s. >. These six states exhaust 90.6 % of the classical EWSR, while all 1 − states up to 25 MeV in our RPA calculation exhaust 94.3 % of it. This value is somewhat smaller than the 122 % reported in ref. [19] . It is because the continuum in our RPA calculation was approximated by narrow quasibound states. From these six one-phonon 1 − states we construct two-phonon
2), which also have the largest matrix element of excitation with its zero value of excitation cross section in the second-order perturbation theory, has a special place among the two other components, the main effect of coupled-channels is to redistribute the total cross section between the J π = 0 + , 2 + and J π = 1 + components.
The calculated cross section in coupled-channels for both GDR and DGDR are somewhat smaller than reported in experimental findings [5] . This is not surprising since as mentioned above our chosen six 1 − states exhaust only 90.6 % of EWSR while the photo-neutron data 1 It was demonstrated in ref. [16, 20] that direct excitation of two-phonon configurations from the ground state is very weak. It allows us to exclude in our calculation matrix elements of the form
s. > which correspond to direct transitions and produce higher order effects in comparison with accounted ones. These matrix elements give rise to DGDR excitation in first order perturbation theory. Thus, to prove our approximation we have calculated such cross sections and got total values equal to 0.11 mb and ¡0.01 mb for the twenty one 2 + and the fifteen 1 + basic two-phonon states, respectively. These values have to be compared to 244.9 mb for the total DGDR cross section in the second order perturbation theory. [19] indicate that this value equals to 122 %. Due to this underestimate of exhaust of the EWSR the cross section for DGDR excitation reduces more strongly than the one for the single GDR. This is because the GDR cross section is roughly proportional to the total B(E1) value while for DGDR it is proportional to the square of it. If we apply a primitive scaling to obtain the experimental value 122 % of EWSR the ratio R = σ (DGDR) /σ (GDR) , the last line of our table I, changes into 0.096 and 0.101 for the coupled-channels calculation and for the perturbation theory, respectively. The experimental findings [5] yield the value R exp = 0.116±0.014. The reported [5] disagreement R exp /R calc =1.33±0.16 is the result of a comparison with R calc obtained within a folding model, assuming 122 % of the EWSR.
We get a somewhat larger value of R calc (taking into account our scaling procedure) because the B(E1) strength distribution over our six 1 − states is not symmetrical with respect to the centroid energy, E GDR : the lower part is enhanced. A weak energy dependence in the excitation amplitude (see also ref. [8] for a discussion of this problem), which is also squared 
